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The great structures of commnism mark a new stage in the de-
velopment of all branches ol power engineering in the USSR, particu-
larly in the development of urban power engineering and electrifica-

tion.

The tasksof reconstructing the power systems of the cities of
the USSR during the period of the gransition from socialism to com-
munism take on an ever-increasing significance., One of the very
substantial factors in the further improvement of the material and
cultural conditions of life for the population is an increase in the
level at which its power requirements are supplieds The recons-
truction of the power systems of the cities is directly linked with
the improvement of the power balance as a whole for the principal
regions of the country, in the direction of raising the efficiengyaf
the power installations, economizing fuel, replacing long~haul fuel

by local fuel, and improving the utilization of pover equipmente.

The dominant tendency in the socialist reconstruction and
development of the power systems of cities is the combination of e~

lectric, gas and heating service, This combination of centralized

.
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gources of urban power supply will radicallf>solve the fundsmental
questiona both of the power ecanomy 1tseLf (the shift to a mineral
fue). balance, the introduction of local fuel, the increase of the
efficiency, the coordinated utilization of fuel resources) as well
as those connected with the level of Power supply to the general

‘public .

The urban power engineering of the USSR has already traversed
a considerable distance in its development, During the years of So=
viet power, the per capita consumption of elccbric energy for com=
munal and living requirements nas increased more than seven bimes
and now c:nsiderably exceeds the averape lovel in the cities of the
capitalist countries. The USSR nolds first place in the world in
the level of development of its heating-and=pover stations (TETs)
and the district heating systems of its cities; in this respect the
urban power systems of the USSR vividly demonstrate their superiority
to ‘the urban power systems of the capitalist countries, Urban gas
systems have also expanded considerably, especially silnce the war,
and mainly on the hasis of natural gas, though coke-oven gas is also
used, In the present phase, however, the development of urban power
engineering brings ﬁp new problems in the fields of heating and gas

service,

During the further development of heating service in cibles
with difficult conditions of fuel supply, other questions must also
be considered besides the problem of fuel economy. These other
questions involve the increase of fuel deliveries and the deteriora-
tion of sanitary conditions in connecbibn with the location of the
TETs within the city 1imits and with the use of local high~ash fuels,
often having a relatively high sulfur content as well, For each 1000

kilowatbs capacity of a heating TETs burning prown coals (of the

.
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Moscow-~kagin type ), 10000 to 12000 tens of coal & year met he
brouzht into the elby, and 21,00 to 2700 tons of ashes hauled ont
of 1t; while 120-140 tons of ash gettle on the clly area from the

alr.

The difficulties involved dn finding building sites for a TETS
within the city Liwits, and in nroviding water sapply for it also
consbitute Limiting factors in bhe development ol urban TETs.  ALL
phese determine the cholce of o TiTs capacity, for a ¢ity location,
according to the heat praph with a relatively low value of coeffi=
cilent d‘TRTS (e Tils = QT/QTWDS where Qp ig bhe maximum hourly dis-

pepate hourly

charge of heat from the turbines, and QTETS is the
output of heat from the THTs). 1In conscquence fuel econony (in

passing from oA TETs = 0,75 to 0.085 to oA Thls = 045 to 0,50 for : !
cities locabed in the II climatic mone, the economy of fuel on ac=
count of the heating service is diminished by 2025 percent) ig re-
duced, with unchanged coefficient of heatbing-service coverage, while
the relative capital cosbs per kilowatl capacity and the relative
operabing costs per kilowatb-harr of oubpub both rise sharply. (Pri=-
marily in connection with the reducbion in the electric capacity of

the station).

A radical solution of these conbradichions in the present devel-
opment of the proviéion of heating service for a nuber of cibies may
be assured by the locabion of the TETs beyond the city limits and be-
yond its green-bell, and selection of & building site that is also

convenient with respect 1o conditions of fuel and water supplys

A new power engineering scheme of heal service based on the o
consbruction of suburban TRPs will sharply improve urban sanitary

conditions by freeing the cities from pdlution of the air by sulphur

.

Declassified in Part - Saniti g e ‘ : L ‘
ied in Part - Sanitized Copy Approved for Release 2012/04/23 - GIA-RDP82-00039R000200170018-3 e



Declassified in Part - Sanitized Co roved for Release 2012/04/23 CIA.

DP82-00039R000200170018:

and ash, Jb will allow optiimm loading of the TETs from the point

of view of the efficiency, as ghown by the indlces & qgre, In a

mmber of cases 1t will be possible to choose a capaclty not only
according to the neating graph bub according to the electriclty
graph as welly DY also taking into account the structure of the
elsctric power system in which the TRTs 1s included, 3. es tO

pass over to higher capaclitles of hoth TETs and aggregate systems.

n the same direction =~ towards the enhancement of econony
manifested by suburban TETs as compared with those inside the cities =m=
the reduced costs of ash removal, fuel. delivery and storage, and

water supply will frequently also operatee

The realization of heat service schemes based on suburban
TETs naturally means & Lransition to a longer-range heat supply,
over a radius of some tens of kilometers instead of the currvent ra-
dius of heat gransmission by hot-water systems, measured in terms
of a few kilometers. This will involve additional expense for equip~
ment and operation of long heatingemeinse A heat-service scheme based
on suburban TETS requires review fipstly of the fundamental technical
questions of planning, construction and operation of long heating-
mains (the system and parameters of the heating network, the ‘thermal
and hydraulic reglmes, etc,) and gecondly of the conditions under
which a suburban TETs becomes as economical as, or more economi.cal

than, the city TETs it replacesSe

The scheme of heating service with a suburban TETs brings up
anew the fundamental questions of tre choice of capacity and type of
its equipment, and also of the regime of its operation. The reali-

nation of this scheme demands the solution of the uz'geﬁ7 problem of
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parallel operation of different sources of heat-supply (the clty
and suburban TETs), L. e« of the creation of a heat-supply system
by analogy to the system of cléc'bric pover supnly. Under these
conditions parallel heating operation stands out as .one of the most
important factors in the further enhancement of the reliability and

economy of heat-supply operation.

Tt has been remarked above that Soviet power engineering has
also achieved considerable suc&esses in the area of urban gas sup~
ply, mostly based on long gas pipe-lines, using natural gas and also
coke-oven gas, However, the .fa_ct that no economical methols have
yet been worked out for obtaining gas of high calovific value from
the local fuels is a factor that seriously limits the further develop=

ment of urban gas services in a good number of regions.

The existing methods of gasifying local fuels with the object

of producing a gas of high thermal value, which are based on blowing
OXY.S Cive Vool
- 2 through the fuel, including some using high pres-
sures, or are based on low-temperature carbonization, on semi-coling, :
with external or internal heating of the particles, cannot, in view
of economic conditions, serve as the basis for the widespread ex-
| EdiTsrg male )
pansion of urban gas service, (ThiS proposition would appear to
; A
be controversial,) The new schemes for semiw-coking of local fuels,

A gl@gf caﬁ,dl(/cﬁ‘ng; h'f;_&_fé )
g with solid and gaseous” thewmophores, developed theoretically and
experimentally by Soviet investigators, yield gas of high thermal
value and tars, and are important achievements, The hot semi-coke
is burned in the furnaces of the boilers of the electric power plant
(the furnaces being connected with the semi-coking installation).
This scheme of energetic and chemical utilization of fuel at power

. ) /%wcr' 6}@
stations, by the ENIN (Bnergeticheskiy Institute of the Academy of

»
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Scilences] method, 15 destined to cpen up wide new prospects of fure
ther expansion of gas facillitles in cltles and industrinl centers.
(The idea of energetic and chemical utilization of fuel at power
statlons was developed in the works of G, M, Krzhizhanovskiy, pu-
blished as early as the 20's (G, M, Krzhizhanovskiy, Collected :

Works, vols 1, Electric Pover Enginecring, 1933).

The researches conducted on suburban TETs with long-distance
hoat=supply and with parallel utilization of fuel at electric-power
statlons to supply heat, energy and chemical constituents, allow a
combined scheme to be advanced, covering electric, heating and gas
service for cities,based on the establishment of suburban TETs using
the new method of the semi-coking of local fuels, Under these cone
ditions the suburban IETs will be able to stand out as a power center

for supplying its city with electric power, hot water and gas,

The present article treats only of the results of the invesw
tigation into the general principles of the suburban TETs, The
questions of the utilization of fuel at suburban TETs at the same
time for electric, heating and gas service for cities and industrial

centers require separate consideration. i
I, THE DEPENDENCE OF THE FUEL-POWER INDICES OF CITIES ON THE NUMBER OF INHABITANTS

A study of the conditions for the applicability of the come
bined scheme requires, first of all, the reduction of the indices
to the same values for electric power, gas and heat production and
for the corresponding capacit:'ges, so a5 to make the combined and

isolated power schemes comparable,
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Table L presents the indlces of capacity of the TETs, the
consumption of fas and heat (as hot water), and the amount of fuel

hrought in, as depending on the size of the population.

The calenlations are pased on the followlng assumed normative
data: dwelling space, 6 square meters per person, assumed base
temperature of cutside alr, 30° ¢, (As in text: 300 C.;E‘his does
not seem to make SeNse, even if the dash is intended in this case
to he a minus siga, not wabter Supply takes 15% of the bobal maxe-
{mum heat loads The industrial 1ow-temperature consumption (as
hot water) is apout 30% of the total heat consumpbion of the city
(industrial and communal-dwe].ling). The anmal consumption of gas
(Ql; = 1000 calories per cubic meter) is 260 cubic meters per capita;
two-thirds of gnis amount is used for cooking and one~third for
heating wablere There ar'e two TETs systems; systems with individual
capacity up to 12000 kilowatts at medium pressure; 25000 kilowatts
and above ab high pressureée. The coefficient of heating-system

coverage is Ouby that of the gss system is 0.7e

Tn determining the amount of fuel brought in, the mean an-
mal fuel consumpbion BT unit of output has been taken on the
basis of the power characteristics of the turbines and with A 7T
= 0,53 the annual number of hours use of the installed elaetric
capacity of the TETs is 5500, The table also gives daba on the
amount of ashes hauled away and the amount of ash pollution in the
city., The ash indices were determined on the basis of the average
qualitative indices of Moscow Basin coals. The coefficient of
dust elimination has been taken ab 0495, The table gives round

rumbers and shows only the order of magnitudese
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2, LONG-DISTANCE HEAT SUPPLY AND PARALIEL HEATING OPSRATIONS OF IETs

The power-—engineering schems based on the suburban TETs in-

cludes long heating-mains as a supplementary Jnk,

The questions of long~distance heat, supply and of the esta~
blishment of heal-supply systems with parallel operation for heat
wepe first raised in the USSR during the thirties, specifically in
connection with the development of the general plan for establish-
ing a heating service in Moscow [3, Wle The transmission of heab
over long distance is accomplished, in the wesent condi?bion of
neat-supply technology, by means of superheated water. The hy-
draulic and thermal regimes of a long two~plpe heating-main were
studied in the work of the Academy of GCommunal Econony (1934) on
the technology of long~distance transmission of heat. The limi-

tations on the range of heat transmission are primarily those im-

posed by technical and economic factorse

The studies of the range of heat transmission made in the
thirties were devoted to finding the basis of the "economic Rec
and the "limiting Ry radii of heating service, These researches
aimed to discover the opbimum capacity for a TETs located in a
region with higher or lower density of heating gservice, Increases
in the extent of the heating-systemn network were considered o~
gether with the corresponding increases in the themal capacity
of the TBTs, The economic solution of the problem took into ac-

count the fact that as the radius of heating service increases,

the unit capital investment and operating expense increases for

the heating network. From this, then, the value of the economic!

% radius Ry, of heat transmission, corresponding to the minimumn
¢ éﬁ aggregate anmual operating expense . was determined; at the same time
1§ - !
! |
-9 -

“
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Rgq corresponded to the optiﬁum capaclby of a TETs in a reglon with
a plven donsity of heating service and confipuration, The "limlting
radiug" Rl of heating service was determined by equating the annual
cost of transmitting the heat and the fuel economy resulting from
the heating service, In both cases -~ for both Rgy and Ry == it
was assumed that the heating network would be laid out in an ln-
hablted reglon and that the TETs would be located in the center of

that region or at its periphery,

The divergences in the numerical values of the optimum radius
of heating service [1-L] was mainly explained by the varying estimates
of the variatlon in the unit technical and economic indices as func-

tions of the capacity of the station and the installed aggrepates,

V. B, Pakshver [5) advanced the idea of a super-long-distance
transmission of heat over 150-200 kilometers by a single-pipe heating.
main, The 1949-1950 investigations of ENIN (V.I. Veyts and V. Ya. Kha-
silev, L. A. Melent'yev and I, A. Agrachev) developed a composite
power engineering scheme based on suburban TETs and investipated the
separate questions of the power efficiency, schemes and regimes of

parallel heating operation of more than one TETs,

The distinction of the new formulation of the question of the
economics of longwdistance transmission of heat in connection with
suburban TETs consists in the fact thalt the influence of transmission
distance and of the productivity of the hzat-supply system is evaluated
independently of the density of heat service throughout the region,
inasmuch as for the transit heat-main, unit costs fall with increasing

capacity of the suburban TETs instead of rising with it,

The selection of the scheme and parameters for a long heat-main

- 10 =
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is lmportant, Comparison of the two-plpe and one-plpe schems shows
that at distances not over 25-30 kilometers, even when there is a
direct water connection from tte city network for dwelling needs, and
the suburban TETs is favorably located, with respect to water supply,
it is stlll expedient, in many cases, to retaln the ordinary two=-
pipe scheme of water heat-mains. The use of a direct water connection
is Justified on the whole by the quality of the feedwater, and re=
quires two to three stapge preheating in condensers, regulated and
unregulated turbine bleeders, just as with an open, single-pipe
scheme [6]. At this stage of the investigation it is expedient

to start out from the characteristics of a scheme and parameters

less favorable to the power enginecring scheme with the suburban
TETs, thah is being advanced, Therefore a two-pipe scheme of an
arterial heat-main was taken as the point of departure, Regardless
of whether an open or closed scheme of hot-water supply was adopted,
the return arterial main was figured in the same way as the delivery

main, namely, at full consumption.

The rated temperature of the water in the delivery main of
the heat-main was taken as 150° C, The temperaturelof 150o Was cone
firmed by repeated technical and economic calculations and studies,
for city networks with elevator consumer commection, at the heat-
service coefficient® pppg = 0,5 that is characteristic for city
TETs., For long heat-mains with length of order 15-20 kilometers and
above, and with the same heat-service coefficients for the suburban
TETs, the most advantageous temperature in the transit line is in-
creased to 170-180°, However, taking into consideration the as-

sunption adopted in the present work of higher values of the heat-

service coefficients at suburban TETs, of the order of 0,7 to 0.8

w1l -
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instead, we have kept the celeulated water temperature for a long
heatemain ab 150°, Tt is not proposed o peduce this temperature
ab the point of Junction with the city network by means of mixing

or heat exchangt.

Tn selecting the crogs~section for long transit arterial
mains, the decisive elements to be considerad are: (a) assurance
of the allowable pressures in the pipes and in the consumer's lines,
and (b) pational location of the booster pumping substations, With
this as a rule we mst reconcile ourselves to the reduced valuss of
the unit losses of neat as compared to the most advantageous values
determined by the technical and economic analysis (taking into con-
sideration, in this connection, both the indices of operating costs

and capital charges)e

In constructing the graphs of the piezometric 1lines deter-
mining the pipe cross-sections, we assumed thats (2) ‘the optimum
unit loss of heaé;in the city distriduting network varied, accord-
ing to the capacity of the s, within a range of 6 to 8 milli-
meters of wa%géigg} 1in§§ meter; and arbitrarily took the length
of the city arterial main at § kilometers; (b) that the maximum
pressure in the heat main, pursuant to the GOST, on the pipes being
used, should not exceed 20 atmospheres, nor should it exceed LS

atmospheres on the consumers! premises.

Figure 1 presents the data on the unit losses of heat, as
applied to four length variants, for TETs capacities ranging from

12000 to 100000 kilowatts.

Tt is clear from the piesometric graphs (Figure 1), that when

the heat-main is longer than g kilometers, the system of pumping the

- 12 -
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walter bhrough requires booster pumping substations besides the maln
groups of network pumps ab the TETs, However, with lengths running
wp to 30 kilometers, a single substetlen will do, located on the
voundary of the city, at the end of the heat=-main, at its junction
with the city'es distributing networks., Such a solution appears
Justified not so much by economic considerations (the relative cost
of the booster substations is small as compared with the totel costs)

as by considerations of convenience of control during operation,.
[See Figure 1 on next page ]

In evalvating the efficiency of a long-distance heat-supply
system, the annual expenditure of energy for pumping purposes and
the thermel losses in the arterial 1ines of the heab-main are important
elements, The relative amounts of electric power used for pumping
water, at capacities of suburban TETs over 25000 kilowatts, depends
largely on the distance of heat transmission. Caleulations show that
the consumption of fuel used to generate electric power for the net-
work pumps ranges from 1.5% to 6.5% of the total amount of fuel used
to produce the heat. The unit thermal losses depend to a large ex-
tent on the capacity of the suburban TETs; and fall sharply with

increasing capacity of the latter.

A Lt 15 K

The fall in the temperature of the water is small for heab-

mains of 30 kilometers and longer. Thus for insulation that, when

. ; , . . X Ccondue -
installed, has the entirely realistic coefficient of thermal %»ans-

T
M of the order of 0,08 ~ 0,09 kilocalories/m °C, hour, the
rough values of the unit temperature drop ézi (in °C per kilometer)

are shown in Table 2.

- 13 =
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[Figure 1 continues on next page ]
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Figure L. Graphs of the piezometric 1ines in long
heat-mains of varylng Jengbh, with the
calculated temperature in the arterial l

delivery main taken as 1509, ‘

(P/ST means pumping gtation)
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Figure 2, Consumption of fuel. for pumping, in percent of

the fuel used for heat production.

The amount of the heat losses should be evaluated according
to the quality of the insulating construction used after it has
been in service for a long time. The composite decision on the
type and construction of the covering of heat mains (including the
questions of thermal. insulation and hydraulic pro’bection) as well
as on the compensation of longitudinal thermal expansion in large-
diameter pipes, is a major technical problem in the practical real- ‘

ization of long-distance heating-supply systems.

N

TABIE 2 i ;
]
1 i
Capacity of TETs in :
12 2l 50 100 ' ~,
thousand  kilowabts !
A
":Qi 0L 0425 0.15 0.1 :
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The heat losses and temperature fall were computed on the asswmption
that reinforced foamy cement, which has already becoma generally ac-
cepted, and non-conduit packing would be used, The reliability and
economy of long heat-mfains can be increased by the use of glass-wool

for the insulating constructilon.

The efficiency of suburban IETs is sharply increased when
. their operation is parallel to that of urban sources of heat (city
TETs, area bollers, ebc.), on the common heat~service networks and

according to a common thermal graph,

The parallel operation of suburban and urban TETs on a common
heating-load graph leaves room for adjustment and maneuver in ‘the
sequence of their loads. In cases where the suburban TETs takes over
the basic off-peak portion of the load praph, the unit costs and the

costs of long-distance heat transmission are substantially lowered.

The accomplishment of parallel heating operation of TETs, under
the conditions of long distence heat-supply, is assured in the simplest
way when the suburban TETs is included in the system of the city dis-
tributing networks by means of a long heat main, Important in this
connection is the "transit character! of the long heat main, without

substantial branching under way. This will allow regulation to be

assured at its point of junction with the city distributing networks.

The combined use of various sources of heat for parallel opera=-
tion on a common network creates a number of important advantages for
a heat-supply system [7]; it increases the reliability of service,
peduces the required reserve of boiler capacity, increases the capacity
of the boilers, load efficiency, redistributes the load among the

various types of TETs, etc.

- 17 -
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We have shown in a previous werk [8] that economy of fuel may
be attalned not only by the joint wse of heatw-generating installa-
tlons of different degrees of fuel economy but also by parallel working
of TETs equipped with aggregates on the seme level of fuel economys
Under the latter circumstances the load of the turbine bleeders may
be increased on an annual basis, by the amount of the so-called 're-
distribution effect! A\ Q, and the direct éupub of heat from the
boilers correspondingly reduced, This effect vanishes wlen the coef-
ficients X 1gps of the united stations are the same, and increases

with inereasing difference between them,

The values of A Q may be calculated by use of a planimeter
on the heating load graphs, but the study is more” convenient with a

sreviously prepared approximate expression [8].
I Yy prep PP

i
~ Q- 100%
' 20 \ -
15 % o1 = 0.8 heating-service
Ll
E i o 2 = 0.7 coefficients of]
\ lay =0.6 suburban TETs ;
10 n

U
T

0 0.2 Ol 0.6 0.8 1

& 2: Heating-service coefficiency of
city heat-sources ‘

Figure 3. Relative Increase of Load on the Turbine Bleeders, in
Percent, under parallel operation of suburban TETs and
city heat sources, |
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We have shown in a previous work [8] that economy of fuel may
be athained not only by the Joint use of heatw-generating installa-
tions of different degrees of fuel economy but alse by parallel working
of TETs equipped with aggregates on the same level of fuel economys
Under the latter circumstances the load of the turbine bleeders may
be increased on an anmal basis, by the amount of the so-called 're-
distribution effect" A Q, and the direct ouput of heat from the
hoilers correspondingly reduced, This effect vanishes wien the coef-
ficients ¢ gqgpg of the united stations are the same, and increases

with inereasing difference between them,

The values of A @ may be calculated by use of a planimeter
on the heating load graphs, but the study is more convenient with a

previously prepared approximete expression [8l.
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& 2: Heating-service coefficiency of

city heat-sources
Figure 3. Relative Increase of Load on the Turbine Bleeders, in i
Percent, under parallel operation of suburban TETs and :

ciby heat sources.
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Figure 3 shows, for one of the ciltles of the II climatilc
zone, the heating load and the relative inecrease of the turbinew
bleeder load with parallel operation of a suburban TETs and sources
of heat in the city itself, as compared with their separate opera-
tions When the heating~service coafficients of urban and suburban
TETs are O.L5 and 0.8, respectively, for instance, the supplementary
bleeder load amounts to only 6%, If, however, district boilers
are included in the city heat-sources and thus bring the heating-
service coefficients for the city as a whole down to, say, 0.3, then

the increase of the bleeder load already amounts to 1lL%.

{ It must be emphasized in this connection that the relative
increase in the electric power generated during the operation of

the heating service rises to larger values than the increase in the
load on the turbine bleeders., The reduction in the losses that
result from the changing conditions of the output of heat from the
bleeders exert a substential influence in this respect. Under the
conditions of parallel operation: (a) the tobtal length of the opera-
tion of the bleeders with the maximum rated productivity increases

at the base or off-peak TETs; and this increase cuts the losses from
the fluctuating operating conditions in the high-pressure part of

the system, due to the fall in internal relative efficiency and the
changing feedwater temperature as the input of steam to the turbine
is reduced;v(b) the total duration of the output of heat from the
regulated bleeders at the peak~output station drops, and this con-
sequently also cuts the power losses caused by throttling down the
flow of steam to the low-pressure part of the system by using the
regulator-valve in the bleeder chamber, which valve is fully open g

only when the turbine is operating on condensation. (The latter

.19 =
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1g an essential point for schemes in ghatlons where s'beﬁm from re=-

aulated bleeders is used only for haa’ting«;-sar%(ce purposes).

The most convenient way of estimating the steam. ZLoSses under
g 4s by using the method proposed by L, A. Melent'yev, through what
is termed the "thermal component, of 1dling operation” 2T (7).
The losses from ghrottling down the steam Llow under "b! may be es-
timabed by the ratio Xd = [_3_._95} , where A Qp is the difference
between the consumption of heat rciuring idling of the turbine KO when
the bleeder valve 1s turned on and the consumption when it is turned
off. [91. The idling coefficient presented Xy = Xy * Xge Thus

for instance, for AT-25 turbines,
Xp = 0.1, Xg = 0.0l5 and X = 0.1L5.

An analysis shows, the fnel econormy that results from the
reduction of these 1osses under the conditions of parallel operation
of TETs with monobypic turbo-aggregabes may be determined by using
the "reduced redistribution effect! Alr's which increases the
heat redistribution effect" A ¢ by an amount equivalent to the
fuel economy resulting from the reduction in the total losses con-
nected with the fluctuating conditions of turbine~bleeder load
under parallel operation. The value of the reduced effect, after
derivations which we shall not give here, is represented in the form

of the following expressions

K

A

ity IA—Q%“ ML zQT‘ Am:
'R

(1)

where A . is the length of operation of the TETs turbines (from

the 2nd to the K-th) with the bleeders turned off,

- 20 =
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Figure lie Influence of fluctuating remine on the efficiency of

parallel operations

[3ee Figure 5 on nexbt page )

This influence of the fluctuating regime is i1lustrated in i

Figure Ly by one of the examples of parallel operation of city and

suburban TETs. Tt is obvious that the second summand in Formule
(1) is equ.iva].ent Lo the economy that can be attained even where

the ol TETs of the united sources are equivalent.

As far as maximum wtilization of the productivi‘by of the tur-
bine bleeders is concerned -- imaximum A Q) -~ the sequence in

which the individual TETs are turned on makes no difference, Howevern

as follows from Formula (1), the value of the npeduced redistribu- |
tion effect! (and together with it, that of the supplemental output
on heat-service regime) does not depend on the order in which the

ety

TRTs or the individual turbines are switched into the networke This

- 2L -
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Figure 5., Principal Schemes of Type I and II for Parallel

Operation of TETs on Common Networks.

is illustrated in Figure Il by variants in the location of the subur-
ban and urban TETs in the base period off-peak portion] of the load-

graph,

The economy of fuel attained by parallel opzration, as com-
pared with the individual operation of the TETs, due to the reduced
redistribution effect for monotypic stations, may be determined by
the formula

-

/ “
A BT = AQ_‘IA b - » lO"3 tons of coal per annum (2)

-

where y is the unit output of electric power of the TETs on heatinge
service operation, expressed in kilowabt-hours per megakilocalories;

A b is the difference between the unit fuel consumption under

- 23 -
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the system of substitute working of stations and that on heating-
service regime, expressed in kilograms of coal per killowatt=hour;
and :1 Q' s the reduced redistribution effect in megakilocalolres

[MKKAL)

Analysis of the energetic efficiency of parallel<peratipn
of the TETs with heterotypic equipment shows thatthe sequence of
switehing the individual TETs into the system requires special cal=
culation, It Lis, for instance, by no means obiigatory that the highe
pressure TETs should handle the base or off-peak load, while the
medium-pressure TETs should take the semi—peak‘or peak mrts of the
load curve, This question will be separately considered in detail

elsewhere,

Analysis of the para.lel operation of TETs on a commen heat-
load graph allows us to draw the following conclusions, on which
the choice of the regulation systems and schemes of heat-service net-

works should be based.

1. The energetic effect of parallel heating-opsration is
atbained by the consecutive culting in of the TETs into the heat-
supply system, as the load increases, Thus the base TETs at the
beginning of the heating season must cover the entire area of the

system, and then gradually reduce the zone of its activity.
[See next page for Figure 6]
2, The heat-sources should be cut in in such an order that
during the initial period bleeders of the turbine groups of all

TETs ~- from the first to the last -- are turned on consecutively,

Subsequently, at times of peak heating load, the TETs boilers are

-2l -
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then turned on, mt these may perhaps follow in a different sequence,
(It is assumed meweswdd that the bleeders of the turbines at each in-

dividual TETs are also turned on consecutively.)

3, The increase in the output of heat al each new stage should

be handled in such a way as to hold the output of heat constant

during all the preceding stages, If this principle cannot be ful-

1y observed under the conditions of the temperature graph of the hot-
water heating network, within the limits of regul tion of the ble-
eder pressures, then at any rate the resulting reduction in the pro-
ductivity of the bleeders at the pedi-service TiTs should not ex-

ceed the corresponding reduction of bleesder productivity for iso-
lated op: ration. (Tt is assumed that the water temperature in the

delivery mains is the same for isolated operatlon as for parallel).

Ly The order in which the TETs are turned on into the heat-
supply system is determined in accordance with the electrical ca-
pacity of the TETs, their parameters - both initial and in the ble-
eders - and their boiler efficiency, as well as on their assumed
operating temperatures, (Assuming the same conditions of fuel and
water supply). Thus, while in prrallel op ration of thermal elec-
tric-power stations on a single grid, the order in which the sewral
stations are switched into the system is determined exclusively by
the relative operating costs of the stations -~ the off-peak portion
of the electric load curve being handled by the stations that pro-
duce power at the lowest unit cost - this criterion is not the only

one to be considered in parallel heating operations of TETs, It is

entirely probable that less-economical TETs wil%he put on the off-

peak section of the heating-load graph., Bach individual case demands

special consideration.
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5, When the boller~installatilon effclency varies between
the different TETs, 1is value determines nol only the order in
which the bollers are fired, but also that in which the bHleeders

of the individual turbines are turnsd one

6, The scheme under which the TETs are arranged in blocks
for the heating networks should simltancously: assure the pos=
sibility of section arrangement in cases of station breakdowns or
other conditions, and of parallel operation on a joint heating-load

graph under the conditions of the normal regimee

Tt must be emphasized that the simultaneous satisfaction of
all these demands is not always possible or expedient in practice,
But only an analysis that starts out from these general assumptions
allows establishment of the actual limiting conditions. And if it
should in any given case prove impossible o set up an "ideal" paral-
1el operation on a joint load graph, that ideal should still be ap-

proximated as closely as possibles

As hos been pointed oub above, all forms of the energy gain
from parallel heating-operation of TRTs are achieved by consecutively
(in time) turning on the turbine bleeders into the heating-supply

system. To achieve the maximum gain with this, the scheme should

]
agsure consbhant heat-output from allthe sources previously turned on

during the period in which case the productivity of each successive
source will increase. The atbainment of this objective with respect
£o a two-pipe hot-water heating networks is possible in two directions:
(a) by the establishment of Type I schemes with central mixing, (Type
T schemes with central mixing were propsed in a 19L9 work of the

ENIN), in which case the streams of bthermophore [heat-carrier] from
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all of the TETs are mixed at one or morve central. points, from which
all consumers are directly supplied; (b) by the ostablishment of
Type IT schemes with variable streams of water dlstributicn in the
nain-line networks, in wnich case the zones of action of the seweral
MRTs change in accordance with the veriations in the outside tem-

perature.

Figure 5 glven the principal schemes for the parallel operas-

tion of TETs on joint heating networks,

Type II schemes are as follows: (a) with independent con-
nection of the consumers or of the distributing networks, through
water-preheaters; under this scheme constant circulation is main~-
tained in the local systems, while redistribution of the load among
the TETs is accomplished by means of redistribution of the water
streams in the main-line networks; a detailed analysis of this
scheme has ben given in an earlier paper [10]; (b) with elevator
comnections and installation of automatic regulators on the con-
sumers! premises to hold the discharge (head) at constant levels;
(¢) with booster-mixer pumping substantions to maintain a constant
circulation in the consumers' lines or in the distributing networks,

with varying discharge-rates in the main lines.

0f the Type II schemes, scheme a officers the greatest pos-
sibilities for satisfaction of the requirements of parallel opera-

tion on a joint heating-load graphe

Type I schemes require the laying of feeders between the

separate TBTs and the central mixing points., The role of these

mixing points can of course also be assumed by separate [ETs, ac-

cording o the lay-out of the heat-mains, The labter is most pro-
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bable under the cenditlons of long-dlstance heating supply, and

Jmmedlate connsction of consumers with feeders of Type I schemes
chould not as a rule be made, Type I schemes are malnly characw

terized by the fact that they allow parallel heating operations

of THTs under a stable hydraulic regime in the network throughout

Lhe entire heating season, Regulation ls assured by changlng the

tenperature of the water streams arriving at the mixing points

from the various TETs. According to the relative positions of

the heating districts and the sources, Type I schemes are designed
and execut®ed in a number of varlants, examples of which are glven
in PMigure 6, Comparative analysis and the technical and economic

comparison of these schemes will be presented in a separate papere
3, The Technical and Economic Principles of Suburban TETs.

A decisive factor in the construction of suburban TETs is

the solution of the problem of improving the sanitary conditions

involved in the necessity for burning fuels with sulfur and high-ash

content in a good many cities.

An energy scheme of eleclric and heating service, based
on a suburban TETs, involves additional capital and operating charges
for ‘the arterial heat-main and for the gensrating capacity required

Lo service the operating needs of long-distance heat transmissiorn.

However, under certain conditions, a suburban TETs does af-
ford a number of economic advantages in comparison with an energy

scheme based on a TETs in the city itself,

The construction of a suburban TETs allows transition to a

higher capacity equipment (and station), inasmuch as the above dis~
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cussed limitations imposed on the capaclity of a ThTs within the clty

1imlts no longer obtaln,

The determination of the most advantageous capaclty of a su=
burban TETs relies both on the characteristics of the heating Lload
and their satisfaction by the varions types of turbines as boilers,
(the standards of the boilsrs and the selection of their number here
play an essential role,), and on the indices of the structure of
the electric power system in which the suburban TETs is to be in-

cludede The factor of the district enerpy balance is very important,

and in many cases is of declsive si.gnificances The theoretical prin-

ciples of the solution of this problem will be the subject of a
special work, There is sufficient reasen for assuming, as & first
apuroximation, that the proper electrical capacity of a suburban
TETs and of its single aggregates will be double that of a TETs
located in the city itself. (Except for a suburban TETs of 12000
kilowatbts capacity, replacing a city TETs of 8000 kilowatts, which
has been adopted in view of the standards for heating-service tur-
bines. The number and productivity of the boik rs at each station
are bhased on the balance of steam for generating electric powér and
heat, taking account of the need for a local reserve of steam capa=
city., The calculations assume isolated heating operation of the

suburban TETS,)

In fact, as shown by the preliminary data of the investigation
into this question, relk tively higher ratios between the capacities
of the suburban TETs apd the city TGTs they replace mst be expected
in individual distric‘l‘i&"we take into account the possibility of

expanding the coverage of the heating service for a suburban TETs by

way of increasing the rated value of ~L TETg
L]
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The lndeX X qpra reaches Lts optimm value for fuel eco=

nomy at suburban mErg, The transition o more paorerful units also
works in the direction of fuel economy. A)1 these factors assure

the economy of capital charges and of operabing costs for fuel.

At suburban TETS, under certain conditions, the cost of
fuel supply, water supply, ash removal, and ash and sulfur sup-

pression in the discharged smoke, are a1l less than in 2 city TETs.

Mnally, the increase in the electrical capacity of a su-
burban TETs cuts or eliminates the cost of high-tension network
from the condensation electric power stations, located at fuel
pases which are considerably further from the center of electric

consumption than the suburban TETS.

30 km

Figure Te Relative Varidtion of Unit Capital Investment in Electric
Power and Heat Facilities in Dependence on the distance
of Heating-Service, for Sulurban TETS of Varying Capa-

cities.

[see next page for Tegnd on Figures 7 and 8]
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Figure 8, Influence of the Isolated outpub of Heat on the
4wWo Lines on the Relative Variation of Unit Ca=
pital Investment in a Suburban TETs as Compared

with a City TETs,

legend for Figures 7 and 8:

Iy suburban TETs of 12000 kilowatts capaclty;
1T the same, 24000 kilowatts capacitys;

suburban TBTs of 50000 kilowatts capacity;

Iy suburban TETs of 100,000 kilowatts capaitys.

The isolated energy schemes work with the city TETs.
The Upit capital investments in the power schemes
with the city TETs, as compared to the capital in-

vestments for the suburban TETs, are taken at 100%.
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Flgure 7 glves the characterdstics of the relative changes
in the eapital investment per unit of electric power and heat for
gubwrban and city TBTs, in dependence on the distance of heating
supply (the length of the main-line heating-service network from the
MTs o the junction with the distributing network) and on the capa-

city of the TETs.

The indices of capital investment for the energy schemes
from the suburban TETs include the cost of the TETs and the main-
line heating network, (the costs for the arterial heating-main in
Figure 7 are given for a single two-pipe line. The influence of
the variant with two two-pipe lines (and isolated working of the
TETs) is shown in Figure 8, These capital costs should be reduced
by increasing the water temperature and providing for parallel
heating operation between suburban Tuls and city heat-generating
sources) taking account of the cost of providing electric genera-
ting capacity Lo compensate for the electric power used in pumping

water, as the capital costs for the extracting of fuel,

The corresponding indices for the power scheme using the
city TETs take account of the construction of the TETs and of the
supplementary electrical generating cépacity located at a large-
scale electric power station; (the supplementary generating capa-
city is equal to the difference between that of the suburban station
and the city station it supplants; in determining the economic in-
dices a regional power station of 100000 to 200000 kilowabts was

assumed) and the cost of transmitting the current to the city and

the corresponding capital costs connected with extraction of fuel

are also figured in, (The capibal costs for rail transport of fuel

to the suburban TETs and to the city TETs make up an insignificant
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proportion of the total capital cosls, and are roughly equal, They

can therefore be omltted in a comparabtive analysle.

The curves in Figurss 7 and 8 are glven for the conditions
of uging Moscow Bagin coals, The graphs show the decisive influence
of TRTs capacity on the relative indices of unit capital investment

for the power schemes compareds

For suburban TETs of 50000 kilowatts capaclty and upwards,
the unit capital investment per unit of generating capacity is 7-16
percent lower than for the power schemes with a city TETs, even when
the suburban TETs is 30 kilometers awaye AL 25000 kilowatts capa-
city for the suburban station, bobh variants are equally economical
in capital investment for lengths of the arterial heat-main not
over roughly 22 kilometers, and for not over 10 kilometers for a
12000 kilowatts suburban TETs, The location of a suburban station
at a greater distance (in Figure 7, the zones to the right of the
critical points for curves Iy and 1T, ) requires a steadily in-
creasing supplementary capital investment by comparison with the
city TETs.

[See next page for Figure 9]

Figure 9 gives the structure of the capital investment for

the respective energy schemes of electric and heating service being

compared. The factor of concentration stands out in the foreground

in the reduced cosb of the suburban TETse

What consequences does the new suburban TETs encrgy gcheme

involve in the field of fuel costs?

Figure 10 glves the variation in the indices of anmual fuel

L i el e s
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consumpion for electric power generated and heat produced for
sarvice, These indices pealte to 1 kw, generating capacity of the
suburban TETs and are glven in dependence on the distance of heal

yransmission for various TRTs capaclties.

The now power scheme with a suburban TETs affords an eco-

nomy in fuel consumption only for capacities of over 50000 kilowattse

The following are the factors that determine the variations

in the unit fuel consunplbions:

1. The indexo" TEDS is increased when we pass to the suburban
TETs. At city TETs it 48 0,5, while for suburban TETs it is about
0,8; this increases the output of electric power during the genera-

tion of heat for the service.

2, Transition to the suburban TETs is accompanied by an in-
crease in electrical capacity., Tiis factor acts, consequently, in
‘the opposite direction: at the same annv.al number of hours of util-

ipation of the installed electrical capacity (5500 hours), the value

of Xpamg (Krgrs = \%1_; , where Wy is the amount of electric power gen-=

erated in the course of neat-service generation, and W is the total
electric power generated (heat-service and condensation}), for subur-
ban TETs becones appreciably lower than for city TETs. This appreci~
able reduction in the value of XEK (by 15-25 percent), results in
increasing the mean annualunit fuel consumption for generating elec-
tric power, since t£he unit fuel consumption per kilowatt-hour generated
in the condensation regime amounte (in kilograms of standard fuel)

(the calculations were based on the power characteristics of the cor-
responding types of turbines, The first figure is for a TETS of

medium pressure, and the second for one of high pressure. For a
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clty TRTs it 48 0,535 and 0,450 kilograms/kilowatt hours respectively.
The somewhat higher unit costs for clty TETs result mailnly from the

conditions of water supply), to 0.525.0,43,

3, The share of the electric power generated at the Regional
Power Station (RES), replacing the supplemental power generated at

the suburban TETs, in connection with the incresased power of the

latter, also exerts an influence on the mean annual fuel consumption

in the scheme of the city TETs (for the RES operates with highw
power units having high initial parameters), This c:i.x'cumsi'l;ﬁge in-
creases such mean annual fuel consumption and thereby increases the

relative efficiency of the suburban TETs scheme,
[See next page for Mipgure 10)

Ls The fuel consumption absorbed by the long-distance trans-
mission of heat (the consumption of electric power ab the booster
substantions, plus the heat losses) increases the total fuel con-

sumption in the suburban TETs scheme as compared to the city TETs.

The factors we have enumerated, which act in opposite direc-
tions, determine the resultant indices of fuel consumntlon for gene-

rating electric power and heat in the energy schemes under comparisons

The propositions set forth above are likewise characterized by
Figure 11, on which are plotted the curves of the relative indices
of fuel consumption in dependence on TETs capacity at the two levels

of heat-transmission distance, 10 and 30 kilometers.

The dependences shown on Figure 1l are accurate for the as-
summed indices of structure, parameters and regimes of the suburban

and city TETs power schemes under comparisorls
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Figure 10 Relative Variations in the Indices of Fuel Consumption for

Generating Ilectric Power and Heat.,

e sIDesITNy 5 and IV ape the indices of fuel consumption in the
energy scheme using a suburban TETs of 12000, 24000, 50000 and 100000

Kilowatts respectively, The indices of' fuel consumption in the power

scheme using a city TETs are taken as 100 percent,

The effectuation of parallel operation between the suburban

TETs and urban heat-sources sharply increases the economy of the su-

burban stations with respect to fuel consumption, since in the latter
case the suburban stations carry the base or off-peak load of the
heating graph, while the city stations come in at the peak and semi-

peak of the graph,

The conclusion may be drawn that under certain conditions the

ower scheme using a suburban TETs may even assure fuel economy as
£, y

compared to an energy scheme with a city TETs. At the same time the
existence of the suburban TETs reduces the carriage of fuel into the
city. The anmual haulage of fuel (Moscow basin coals, peat) into the

city is cut by more than 500,000 tons for a TETs of 100,000 kilowatts,

e =
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Figure 11, Relative Variation of Indices of Fuel Consumption
for Generating Electric Power and Heat, in Depend-

ence of the Capacity for the TETs.

K30 and K10 are the power schemes with suburban TETs supplying heat
over a distance of 30 and 10 kilometers respectively. The indices
of fuel-consumption for the power scheme using the city TETs have

heen taken at 100,

Tt is finally, necessary to determine ‘the influence of the
new energy echeme using a suburban TETs on the synthesizing indices
of production cost that cover both electric power and heat genera-
tion, Calculations and analyses have been made on the operation

of a TETs with Moscow Basin coal and with peat. As with other

characteristics, the energy schemes to be compared are here also

presented in comparative forme

Figure 12 gives the composite indices of the capital costs
for power and heat insballations per kilowatt of electric generating

capacity, in relation to the distance of heat transmission, for TETs

e AL
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Figure Relative Variation of indices of Operating Cosls
tor Blectric Power and Heat in Power Schemes with

guburban and City TETs (Burning MoscowW Basin Coal.

suburban TETs of 12000 kilowatts capacity;
suburban TETs of 2100 kilowatts capacity 3
suburban TETs of 50000 kilowatts capacitys;

suburban TETs of 100,000 kilowatts capacity.

Analysis of the curves allows the following to be established:
the factor of the capaclty of the suburban TETs, as followed from
the consideration of the characteristics of the unit capital invest-
ment and of the fuel consumption, plays the dominating role in the
sconomics of the new scheme and in the indices of production cost of

electric power and. heate

e ooy any Asorcun for Relash 2015/04175 - Oia. '
Copy Approved for Release 2012/04/23 - CIA-RDP82-00039R
: y 000200170018-3



Declassi

ved for Release 2012/04/23 : CIA-RDP82-00039R000200170018-3

The operating cests for the long=dlstance transporation of

heat, for 1 megakilocaloria [VMKKAL] of heat and 1 kilowatt of gene-

rating capacity, which increase the cogt of the power scheme with

a suburban TETs, incrsase with intreasing length of the network and
sharply fall with increasing capacity of the suburban; this is shown

by the data of TABIE 3,

For a low-pwer TETs, the expense of operating a heating main
30 kilometers long roughly, more than doubles the production cost
of 1 megakilocalorie of heat, while for high-power stations that

cost is inecreased by less than 1,5 times,

The indices of unit fuel consumption exert as substantial in-
fluence on the relative economy of energy schemes with suburban and

urban TETs, with respect to the operating costs,

We have already considered the factors that determine the
variation of this index for energy schemes with TETs of varying
power and with various regimes for generating electric power and
heat at varying distance of heat-supply. The same factors also
determine the variations in the fuel component of the generating

cost of electric energy and heat,

Variation in the fuel component is the principal cause for
the "jump" in the reduction of the tobal operating costs of su-
burban TETs of 50000 kilowatts capacity (conversion to high pres-

sure, increase of o TETss €tcs)

[See Table 3 on next page]

The reduction in labor costs in connection with the reduction

in the number of personnel employed at a TETs of 1000 kilowatts power
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TABLE 3

DISTANCE OF HEATING SUPSLY IN KITQMATERS

Powar of TETs of Lengbh MTs of ~Iength TLength

Suburban 12000 kw ol 12000 kw  of of of

THTs in = 100% Heating r 100% Heating 12000kw Heating

Thousand Main Main = 100%  Main

Kilowatts 10 Km=100% 10 km =100 % 10 ¥m
=100%

100% b 280%

AN 26l

50,8 218
12,2 ] ] 258

plays a substantial role in the increase in the economy of TETs a8

their power is increased.

In the transition® a large suburban TETs, however, the in-
fluence of this ractor is levelled off by the increased role played
by the high-power RES in the power schemes with the city TETs, to
compensate for the supplementary electrical capacity of the suburban

TETS e

CONCLUSIONS

The construction of suburban TETs of 50000~100000 kilowatts
capacity and above, with a range of heating supply of the order of
20-30 kilometers, affords economic advantages, under certain con-
ditions, in comparison 1o low-power TETs in the city. The improve-

ment of sanitary conditions in cities where high-ash and sulfur-

- le -
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content fuel mast pe burned is of decl.eive importance. The conomy

of suburban TETs 18 congiderably improved ab capacltles of 150000

and 200000 kilowatte.

Tt 18 necessary Lo conbtinue studylng the questions of selecting
the capacity, Uype of equipnment and operating regime of shburban
TETs under the conditions of parallel heating operation with clty
sources of heat, and also under bhe conditions of gas veing obtained
from the operations as well; and 1ikewise the question of ‘the scheme
and parameter for the arterial heating-mains and the system of paral-
lel heating operation, with wide application of non=-linear electrical
models of he ating=supply systens. The power—engineering peculiari‘l;ies
of the separate uypes of cities and the gtructure of the electric
power systems should be taken into consideration in the course of such
studies. The planning and survey work in this direction must be

-
energetically prosecuted in a good number of fUSSR citdies.

The production of gas by the ENIN method ab suburban TETs

makes it possible to provide electric, heating and gas service for
cities at operating and capital costs considerably lower than those

required by the existing isolated power—engineering scheme .

Qur power-systems are the first in the world to be converted
into integrated power systems with combined generation of electric
pover, heat and gas, with an intimate connection between the graphs
of production and distribution of the various forms of energy. The
erection of the mi.ghty gtructures of commnism, and the impending
transmission of large gquantities of electric power from huge hydro-
electric plants to powerful power systems generating electric power,

heat and gas gimulbaneouslys raises anew the questions as to the

- U3 -
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structure and regime of such systems, These new questions on the

operation of power gystems of complex strudture should already

constitute the subject of profound i.nveﬁtiga't:l.ons.
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